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FOREWORD 
This  i s  t h e  F i n a l  Report  t o  NASA on Cont rac t  NASr-65(12), 
IITRI P r o j e c t  N o ,  A6122, e n t i t l e d ,  "An Airborne Experiment t o  
Determine Temperature V a r i a t i o n s  Throughout t h e  S o l a r  Corona 
During t h e  E c l i p s e  of 12 November 1966." 
p re l iminary  i n  t h a t  it i s  being i s s u e d  p r i o r  t o  r e d u c t i o n  of 
t h e  d a t a  and i s  in tended t o  d e s c r i b e  t h e  experiment and 
This  r e p o r t  i s  
ins t rumenta t ion ,  Subsequent r e p o r t s  w i l l  cover  r e s u l t s  
obta ined 
The pe r iod  of t h e  c o n t r a c t  extended from 1 A p r i l  1966 
u n t i l  31  January 1967. The work involved t h e  des ign ,  con- 
s t r u c t i o n  and i n s t a l l a t i o n  of  an o p t i c a l  s y s t e m  t o  measure 
corona l  temperatures  dur ing  t h e  12  November 1966 e c l i p s e  of 
t h e  sun ,  The system was i n s t a l l e d  on board t h e  NASA Convair 
990, "Gali leo,"  a long w i t h  o t h e r  experiments t o  be performed 
dur ing  t h e  e c l i p s e .  The  obse rva t ion  was e s s e n t i a l l y  a r e p e t i t i o n  
of  ground level measurements taken dur ing  t h e  1965 e c l i p s e  i n  
t h e  Cook I s l a n d s  which was unsuccess fu l  due t o  cloud cover 
dur ing  t o t a l i t y .  The use  o f  an a i r c r a f t  on t h i s  occas ion  
p r a c t i c a l l y  ensured good see ing  cond i t ions  and a l s o  prolonged 
t o t a l i t y  by '75%. 
0 
Some 45 l i n e - p r o f i l e  measurements of t h e  h5303A, Fe X I V  
emission w e r e  obta ined dur ing  t h e  e c l i p s e  from which a s i m i l a r  
number o f  tempera ture  measurements w i l l  be obta ined a f t e r  a n a l y s i s .  
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The maximum displacement from t h e  s u n ' s  limb a t  which , r e s u l t s  
w e r e  ob ta ined  was 0,8 Roy where Ro r e p r e s e n t s  t h e  s o l a r  r a d i u s .  
Prev ious ly ,  t h e  maximum displacement a t  which r e s u l t s  were 
obta ined a t  a s i m i l a r  phase of  t h e  s o l a r  cycle w a s  0 . 3  Ro. 
T h i s  observa t ion  , t h e r e f o r e ,  r e p r e s e n t s  an  i n c r e a s e  of almost  
a f a c t o r  of  3 i n  t h e  e x t e n t  of  t h i s  type of measurement and 
i n d i c a t e s  t h a t  t h e  i n t e r f e r o m e t e r  system employed has a 
s i g n i f i c a n t  r o l e  t o  p l a y  i n  co rona l  s t u d i e s  
of a l l  d a t a  ob ta ined  i s  expected t o  be performed under a 
subsequent  program and w i l l  r e q u i r e  approximately 6 months 
t o  complete. 
De ta i l ed  a n a l y s i s  
Respec t fu l l y  submi t ted ,  
Research P h y s i c i s t  
Opt ics  Research 
C .  W .  Ter re l l  ' 
D i r e c t o r  
Physics Research 
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ABSTRACT 
The I I T R I  Scanning Fabry-Perot i n t e r f e r o m e t e r ,  named 
PRISM ( P h o t o e l e c t r i c a l l y  Recording In t e r f e rome te r  Scanned 
Magne tos t r i c t i ve ly )  , was incorpora ted  i n t o  an o p t i c a l  system 
i n s t a l l e d  on board t h e  NASA Convair 990, "Galilee", f o r  
obse rva t ion  of  t h e  12 November 1966 e c l i p s e  of  t h e  sun.  
During t h e  e c l i p s e  t h e  a i r c r a f t  followed t h e  moon's shadow 
a t  an  a l t i t u d e  of  about  40,000 f e e t  r e s u l t i n g  i n  a t o t a l i t y  
per iod of  206 seconds compared t o  a corresponding ground 
t o t a l i t y  of  about  115 seconds.  Some 45 l i n e  p r o f i l e s  of 
t h e  A5303A, Fe X I V  emission were obta ined from which a 
0 
s i m i l a r  number o f  Doppler temperatures  w i l l  be obtained 
a f t e r  a n a l y s i s ,  The maximum displacement from t h e  s o l a r  
limb a t  which measurements were ob ta ined  w a s  0.8 s o l a r  r a d i i  
r ep re sen t ing  an improvement of  almost  a f a c t o r  o f  3 over 
t h e  b e s t  previous r e s u l t s  a t  a s i m i l a r  phase of t h e  s o l a r  
cyc l e .  
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AN AIRBORNE EXPERIMENT TO DETERMINE 
TEMPERATURE VARIATIONS THROUGHOUT 
THE SOLAR CORONA DURING THE 
ECLIPSE OF 1 2  NOVEMBER 1966 
I. INTRODUCTION 
The s o l a r  corona p r e s e n t s  s e v e r a l  ou t s t and ing  problems 
i n  t h e  f i e l d  of s o l a r  phys ics .  Chief among t h e s e  remains t h e  
q u e s t i o n  of  t h e  source  of co rona l  hea t ing ,  and t h e  v a r i o u s  
t h e o r i e s  w h i c h  a r e  c u r r e n t l y  undergoing examination r e q u i r e  
o b s e r v a t i o n a l  informat ion  on t h e  co rona l  tempera ture ,  d e n s i t y ,  
and magnetic f i e l d  p a t t e r n s , ,  S e v e r a l  o b s e r v a t o r i e s  throughout  
t h e  world a r e  engaged i n  r e g u l a r  s t u d i e s  o f  t h e  corona through 
t h e  use  of t h e  coronagraph; however, t h e  e x t e n t  of observa-  
t i o n s  beyond t h e  s o l a r  l i m i t s  i s  g r e a t l y  r e s t r i c t e d  by t h e  
s c a t t e r i n g  of s u n l i g h t  by t h e  ins t rument  and t h e  e a r t h ' s  
atmosphere. Development of  s a t e l l i t e - b o r n e  coronagraphs i s  
now a t  an  advanced s t a g e  b u t  i t  i s  reasonab le  t o  assume t h a t ,  
a t  l e a s t  f o r  t h e  d u r a t i o n  of  t h e  next  s o l a r  cycle,  obse rve r s  
w i l l  mainly depend upon ground-based ins t ruments .  The o t h e r  
s i t u a t i o n  which permi ts  i n v e s t i g a t i o n  of t h e  corona i s  dur ing  
a t o t a l  e c l i p s e  o f  t h e  sun,  On t h e s e  occas ions  o rd ina ry  
as t ronomical  ins t ruments  can be used t o  observe  t h e  corona, 
and obse rva t ions  can be  made t o  a much g r e a t e r  d i s t a n c e  o u t  
from t h e  s o l a r  limb. . 
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U n t i l  r e c e n t l y ,  co rona l  tempera tures  showed a v a r i a t i o n  
between 0,8  x 10 6 O K  (Allen 1 and 2.5 x 10 6 O K  (Dol l fus  2 
B i l l i n g s 3 ,  J a r r e t t  and von Kluber 4 ). The lower tempera tures  
w e r e  ob ta ined  by i o n i z a t i o n  d a t a  and r a d i o  b r i g h t n e s s  measure- 
ments; t h e  h igher  tempera tures  were obta ined by l i n e  p r o f i l e  
de te rmina t ions  i n t e r p r e t e d  on t h e  b a s i s  of a homogeneous 
corona i n  h y d r o s t a t i c  equ i l ib r ium.  I n  t h e  l a s t  t w o  y e a r s  
f u r t h e r  t h e o r e t i c a l  work has helped t o  resolve t h e  d i s a g r e e-  
ment between some of  t h e  methods (Burgess5, Brandt ,  Michie 
and C a s s i n e l l i  >, and a co rona l  tempera ture  i n  t h e  reg ion  o f  
2 x 10 OK i s  ob ta ined  from a l l  of  t h e  methods w i t h  t h e  excep- 
t i o n  o f  t h e  r a d i o  b r i g h t n e s s  method. 
refers t o  t h e  average undis turbed corona and does n o t  p rec lude  
t h e  e x i s t e n c e  of  h igher  tempera tures  i n  s p e c i f i c  r eg ions  such 
a s  i n  t h e  neighborhood of  a c t i v e  reg ions  i n  t h e  photosphere.  
6 
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6 The v a l u e  of 2 x 10 O K  
The purpose of t h e  obse rva t ion  t o  be desc r ibed  h e r e  
was t o  o b t a i n  a series of tempera ture  measurements a t  v a r i o u s  
p o i n t s  i n  t h e  corona by t h e  method of emiss ion  l i n e  p r o f i l e  
de te rmina t ions .  The ins t rument  used t o  o b t a i n  t h e  p r o f i l e s  
was a scanning t y p e  of  Fabry-Perot i n t e r f e r o m e t e r  which i s  
f u l l y  desc r ibed  i n  Appendix A of t h i s  r e p o r t .  
t o  o b t a i n  i n t e r f e r e n c e  f r i n g e s  of  t h e  c o r o n a l  l i n e s  us ing  
Fabry-Perot  i n t e r f e r o m e t e r s 7  w e r e  unsuccess fu l  f o r  v a r i o u s  
reasons  up u n t i l  t h e  e c l i p s e  of  1954 when J a r r e t t  and von KlGber 
succeeded i n  o b t a i n i n g  photographs of  t h e  A5303A, Fe X I V  
emission.  A t  t h e  e c l i p s e  of  1958 t h e s e  a u t h o r s  succeeded i n  
E a r l y  a t t empts  
8 
0 
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o b t a i n i n g  s e v e r a l  good photographs of t h e  Fe XIV and a l s o  t h e  
Fe X (A6374A) emissions During t h e  e c l i p s e  of 30 May 1965, 
t h e  au thor  a t tempted  t o  measure t h e  A5303A emission l i n e  us ing  
4 0 
0 
t h e  scanning Fabry-Perot  i n t e r f e r o m e t e r  and p h o t o e l e c t r i c  
d e t e c t i o n .  Unfor tunate ly ,  c loud cover dur ing  t o t a l i t y  prevented 
any r e s u l t s  from being ob ta ined ,  
11, DISCUSSION OF TOTAL EXPERIMENT 
A. Ecl ipse  Parameters 
F i g u r e  1 shows t h e  p a t h  of ground t o t a l i t y  over t h e  
South American c o n t i n e n t  f o r  t h e  e c l i p s e  of  12 November 1966. 
Marked on t h e  p a t h  is  t h e  l o c a t i o n  of maximum d u r a t i o n  of 
t o t a l i t y ,  some 500 m i l e s  e a s t  of t h e  e n t r a n c e  of t h e  River 
P l a t e ,  The parameters  of t h e  e c l i p s e  a t  t h i s  l o c a t i o n  were: 
Ephemeris T ime  1425 hours 
Local  Mean T i m e  1 1 2 1  hours 
Sun 's  A l t i t u d e  70" 
Shadow Speed 1332 knots  
Dura t ion  of Maximum 
T o t a l i t y  117  seconds 
The i n s t r u m e n t a t i o n  was i n s t a l l e d  on board t h e  NASA 
Convair 990, "Galileo" , a long w i t h  t h a t  of  o t h e r  obse rve r s .  
During t h e  pe r iod  of t h e  e c l i p s e  exped i t ion ,  t h e  a i r c r a f t  was 
based a t  P o r t o  Alegre  i n  Southern B r a z i l  and, on e c l i p s e  day, 
i n t e r c e p t e d  t h e  shadow approximately 100 m i l e s  northwest  o f  t h e  
I l T  R E S E A R C H  I N S T I T U T E  
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p o i n t  of maximum t o t a l i t y  a t  an  a l t i t u d e  of 40,000 feet. 
F ly ing  a c o u r s e  i n  t h e  same g e n e r a l  d i r e c t i o n  a s  t h a t  of t h e  
shadow, t h e  d u r a t i o n  of  t o t a l i t y  was extended t o  206 seconds. 
B O  Equipment 
The g e n e r a l  l ayou t  of t h e  o p t i c a l  system i s  shown i n  
F igure  2.  L i g h t  from t h e  corona i s  d i r e c t e d  t o  t h e  o b j e c t i v e  
v i a  t h e  v a r i a b l e  wedge and f o l d i n g  m i r r o r .  
focuses  t h e  f i e l d  onto  t h e  a p e r t u r e  whose s i ze  governs t h e  
ang le  o f  acceptance  of t h e  telescope.,  I n  o p e r a t i o n ,  t h e  
system is  i n i t i a l l y  a l i g n e d  on t h e  s u n ' s  c e n t e r  w i t h  t h e  
v a r i a b l e  wedge a l i g n e d  t o  have z e r o  effect  on t h e  incoming 
l i g h t ,  F i g u r e  3 shows t h e  p r i n c i p l e  of o p e r a t i o n  of t h e  
wedge assembly. The  two composite wedges can have any 
o r i e n t a t i o n  r e l a t i v e  t o  each o t h e r ,  t h e  r e s u l t a n t  effect  
upon a l i g h t  beam being s i m i l a r  t o  t h a t  of a s i n g l e  wedge 
a t  a s p e c i f i c  o r i e n t a t i o n ,  Hence, f o r  a f i x e d  r e l a t i v e  
o r i e n t a t i o n  of t h e  component wedges, t h e  f i e l d  of view i s  
d e f l e c t e d  by a s p e c i f i c  amount, and r o t a t i o n  of t h e  complete 
assembly about  t h e  o p t i c  a x i s  provides  a c i r c u l a r  sweep of 
t h e  f i e l d ,  
w i t h  i t s  a s s o c i a t e d  d r i v e  system. A f t e r  t h e  i n i t i a l  a l i g n-  
The o b j e c t i v e  
F i g u r e  4 shows a photograph o f  t h e  wedge assembly 
ment, t h e  g y r o- s t a b i l i z e d  h e l i o s t a t  i s  locked i n  and a r e l a -  
t ive  r o t a t i o n  of t h e  wedge assembly t o  t h e  f irst  p o s i t i o n  
b r i n g s  t h e  reg ion  of  t h e  corona a t  1.1 Ro,  where Ro i s  one 
s o l a r  r a d i u s ,  onto  t h e  a p e r t u r e .  The  p o s i t i o n  a n g l e  w i t h  




I Objective I 
Camera 
Helios t a t  I Mirror Variable Wedge 
Fig. 2 Shasing the General Layout of the Optical 
System for the  Aircraft Installation t o  
Investigate Coronal Emission Profiles. 
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Figure 3. Variable-Deviation Wedge 







r e s p e c t  t o  t h e  sun which i s  i n i t i a l l y  viewed depends upon t h e  
circumstances of  t h e  obse rva t ion  and can e a s i l y  be c a l c u l a t e d .  
During t h e  e c l i p s e ,  t h e  d r i v e  s y s t e m  of t h e  wedge assembly 
provides  a r o t a t i o n  of  t h e  f i e l d  a t  t h e  s e l e c t e d  r a d i a l  d i s t a n c e  
from t h e  s u n s s  c e n t e r .  A f t e r  each  r o t a t i o n ,  an automat ic  
change i n  r a d i u s  i s  made and t h e  r o t a t i o n  i s  repea ted .  This  
o p e r a t i o n  t a k e s  p l a c e  cont inuously  dur ing  t h e  e c l i p s e ,  and a 
cont inuous record ing  of t h e  ins tan taneous  f i e l d  of view i s  
made 
F igure  5 shows t h e  o p t i c a l  arrangement a f t e r  t h e  l i g h t  
has passed through t h e  a p e r t u r e .  Coronal l i g h t  t r a n s m i t t e d  
by t h e  a p e r t u r e  i s  co l l ima ted  a t  t h e  e n t r a n c e  to  t h e  i n t e r -  
ferometer  housing. 
a r e  i n s t a l l e d  t o  provide  a redundant  system. 
such t h a t  t h e  back-up Fabry-Perot i s  used t o  provide  scans  of 
t h e  A6374A Fe X emission l i n e  w h i l e  t h e  main i n t e r f e r o m e t e r  
i s  scanning t h e  h5303A, Fe XIV,  emission.  Both emissions a r e  
obta ined from t h e  same f i e l d  of  view def ined  by t h e  f i e l d  
a p e r t u r e .  Should t h e  A5303A Fabry-Perot ,  o r  i t s  a s s o c i a t e d  
c i r c u i t r y ,  f a i l  dur ing  t h e  o b s e r v a t i o n s ,  t h e  system i s  designed 
t o  change t o  t h e  back-up ins t rument  i n  about  10 seconds,  A f t e r  
Two scanning Fabry-Perot  i n t e r f e r o m e t e r s  




c o l l i m a t i o n  t h e  l i g h t  e n t e r i n g  t h e  i n t e r f e r o m e t e r  box f a l l s  
on t h e  d i c h r o i c  b e a m s p l i t t e r ,  and t h e  r e d  r e g i o n  of  t h e  
spectrum c o n t a i n i n g  t h e  A6374A l i n e  i s  r e f l e c t e d  through 90'. 
0 
The two emission l i n e s  a r e  i s o l a t e d  by t h e  narrow band f i l t e r s  
b e f o r e  t r a v e r s i n g  t h e i r  r e s p e c t i v e  i n t e r f e r o m e t e r s .  F i n a l l y ,  
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Bhotamultipliers 
Narrow Band Filters 
Achromat Collimator 
1 
Dichroic ’ Mirror 
Beamsplitter 
Reflects Green, 
Transmits Red Light 
Fig. 5 Shawing Layout of Two Fabry Perot Interferometers 
to Record h5303A and h6374A Emission Profiles 
10 
the transmitted light from the two Fabry-Perots falls on two 
separate and independent detection systems consisting of 
identical photomultipliers whose outputs are simultaneously 
displayed on an oscilloscope and recorded on a high speed strip 
chart recorder, 
of both interferometers during operation is provided by the 
oscilloscope and, hence, a failure of either interferometer 
system is immediately apparent, Should the A5303A fail, a 
Continuous visual monitoring of the outputs 
0 
rapid change-over to the back-up interferometer is effected by 
removal of the dichroic beamsplitter from the light beam and 
replacement of the A6374A narrow band filter by the A5303A 
0 0 
filter. 
to a single interferometer arrangement because the dichroic 
The dual system does not cause any light loss compared 
beamsplitter is a non-absorbing device and, hence, either 
transmits or reflects a11 incident light. 
By employing the back-up system to provide line profiles 
0 
of the A6374A emission, a much greater scientific value is 
attached to the observations, The temperature distribution 
in the corona can now be obtained from: 
0 0 
(1) Line profiles of A5303A,  Fe XIV, and A6374A,  
Fe X emissions, each of which will provide a 
value for the Doppler temperature. 
The intensity radio of the Fe XIV and Fe X (2) 
emissions; a value for the temperature can be 
obtained from ionization theory, assuming ionizar 
tion equilibrium to exist throughout the corona. 
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F i g u r e  6 i s  a photograph of t h e  box con ta in ing  t h e  
b e a m s p l i t t e r  and Fabry-Perot i n t e r f e r o m e t e r s ,  and F igure  7 
i s  a photograph of t h e  complete o p t i c a l  assembly wi thou t  t h e  
h e l i o s t a t ,  
C. Ins t rumenta t ion  
The d e t e c t i o n  and record ing  system f o r  each i n t e r -  
ferometer  c o n s i s t s  of  a cooled RCA 1P21 p h o t o m u l t i p l i e r ,  a 
Ke i th ley  picoammeter, and a mirror-galvanometer  r e c o r d e r .  
The o v e r - a l l  response  t i m e  of t h e  s y s t e m  i s  about 10 m i l l i -  
seconds. Each i n t e r f e r o m e t e r  ou tpu t  i s  recorded on two  
channels  of t h e  r e c o r d e r ,  t h e  r a t i o  of  t h e  f u l l  s c a l e  d e f l e c -  
t i o n s  be ing  2:1, This  f e a t u r e  provides  a back-up f o r  each 
emission l i n e  i n  t h e  r ecord ing  system. Other  channels  i n  t h e  
r ecorder  a r e  devoted t o  t h e  ins tan taneous  c u r r e n t  through 
each i n t e r f e r o m e t e r  and t h e  p o s i t i o n  i n  t h e  corona being 
observed, The p o s i t i o n a l  in fo rmat ion  is  represen ted  by t h e  
angu la r  d i s t a n c e  and p o s i t i o n  a n g l e  w i t h  r e s p e c t  t o  t h e  s u n ' s  
c e n t e r  
D. A i r c r a f t  I n s t a l l a t i o n  
F igure  8 shows t h e  f l o o r  p l a n  o f  "Galilee", used for  
t h e  e c l i p s e  exped i t ion .  
s p e c i a l l y  i n s t a l l e d  f o r  t h e  1965 e c l i p s e ,  w e r e  a r ranged a long 
t h e  l e f t  s i d e  of  t h e  a i r c r a f t  a t  an  e l e v a t i o n  of 65'. The 
The obse rva t ion  windows, which were 
e l e v a t i o n  of t h e  sun a t  second c o n t a c t  i n  t h e  1966 e c l i p s e  
I I T  R E S E A R C H  I N S T I T U T E  
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Fig. 6 Beam Splitter and Interferometer Assembly 




0 m -  
15 
was expected t o  be  nea r  70" b u t  no problems w e r e  expected from 
t h e  s l i g h t  d e p a r t u r e  from normal inc idence .  
w a s  v e r i f i e d  dur ing  t h e  p r a c t i c e  f l i g h t s .  F igures  9 t o  15 
and F igure  6 show t h e  assembly drawings f o r  t h e  complete 
a i r c r a f t  i n s t a l l a t i o n  and F igures  16  and 1 7  a r e  photographs 
of  t h e  equipment on b3oard t h e  a i r c r a f t .  
The i n s t a l l a t i o n  of t h e  equipment was s t a r t e d  on 
This  p r e d i c t i o n  
26 September 1966, and was completed, a long w i t h  t h e  i n s t a l -  
l a t i o n s  of o t h e r  experiments ,  on 18 October 1966. The 
i n s t a l l a t i o n  was c a r r i e d  o u t  a t  Ames Research Center ,  Moffett 
F i e l d ,  C a l i f o r n i a ,  w i t h  t h e  t e c h n i c a l  a s s i s t a n c e  of NASA/Ames 
personnel .  
E. Equipment Alignment and Simula t ion  F l i g h t s  
I n i t i a l  a l ignment  of t h e  equipment was c a r r i e d  o u t  
w h i l e  t h e  a i r c r a f t  was on t h e  ground. The alignment c o n s i s t e d  
of  b r ing ing  t h e  o p t i c a l  a x i s  of t h e  t e l e s c o p e  system i n t o  
l i n e  w i t h  t h e  fore- and- af t  a x i s  of  r o t a t i o n  of  t h e  h e l i o s t a t .  
The whole assembly was au toco l l ima ted  us ing  t h e  h e l i o s t a t  
mirror, ,  F i n a l l y ,  a r e s o l u t i o n  check on t h e  i n t e r f e r o m e t e r s  
was obta ined us ing  a Hg h5461A source .  
0 
For t h e  f l i g h t  tests,  t h e  a u t o c o l l i m a t i o n  procedure 
was undergone a f t e r  each t a k e- o f f ,  followed by a r e s o l u t i o n  
check w i t h  t h e  Hg source .  The equipment was i n  no way shock 
mounted and it was observed t h a t  t h e r e  was a n o i s e  c o n t r i b u t i o n  































































F i g .  16 Showing O p t i c a l  System ( L e f t  s i d e  of  Ai rc ra f t )  
24 
F i g .  17 Showing E l e c t r o n i c  A m p l i f y i n g  and R e c o r d i n g  
S y s t e m  ( R i g h t  S i d e  of Aircraft) 
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t o  t h e  s i g n a l  a t  a frequency o f  about  200 cps.  
prevent  t h e  s a t i s f a c t o r y  o p e r a t i o n  of t h e  system a s  t h e  f a s t e s t  
scanning r a t e  was a f a c t o r  of 100 t i m e s  less than  t h e  frequency 
of  t h e  v i b r a t i o n .  
p r o f i l e s  obta ined i n  f l i g h t  on t h e  h5461A emission. 
This  d i d  n o t  
F i g u r e  18 shows an  example o f  t h e  l i n e  
0 
For t h e  purposes o f  e c l i p s e  s i m u l a t i o n  dur ing  t h e  
p r a c t i c e  f l i g h t s ,  t h e  a i r c r a f t  was flown t o  a l a t i t u d e  which 
pe rmi t t ed  t h e  sun, o r  on n i g h t  f l i g h t s ,  t h e  moon, t o  be 
observed a t ,  o r  n e a r ,  t h e  e c l i p s e  a l t i t u d e  o f ' 7 0 " .  A curved 
pa th  , which maintained t h e  r e l a t i v e  bea r ing  of  t h e  sun  c o n s t a n t ,  
was flown f o r  a pe r iod  of about  15 minutes .  
d r i f t  r a t e  o f  t h e  g y r o- s t a b i l i z e d  h e l i o s t a t  was checked dur ing  
t h i s  t i m e  and a 5 minute t o t a l i t y  s i m u l a t i o n  was counted off  
dur ing  which t i m e  obse rve r s  c a r r i e d  o u t  t h e i r  e c l i p s e  d r i l l s .  
I n  a l l ,  two day and two n i g h t  f l i g h t s  w e r e  c a r r i e d  o u t  f r o m  
I Mo f f e t t F i e l d  e 
The i n - f l i g h t  
On Wednesday, 2 November 1966, G a l i l e o ,  w i t h  about 
40 exper imenters ,  crew and suppor t  personnel  on board, depar ted  
Moffett F i e l d  f o r  Por to  Alegre,  B r a z i l .  ' The e x p e d i t i o n  
a r r i v e d  a t  Por to  Alegre  on 3 November 1966 a f t e r  an overn igh t  
s t o p  a t  San Juan,  Puer to  Rico,  During t h e  i n t e r v a l  u n t i l  
e c l i p s e  day, 12 November 1966, t h r e e  more n a v i g a t i o n  and 
p r a c t i c e  f l i g h t s  w e r e  c a r r i e d  out,, 
I l T  RESEARCH I N S T I T U T E  
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Figure  r8 Showing t h e  p r o f i l e s  o f  t h e  Hg A5461A emission as 
measured by t h e  h5303A i n t e r f e r o m e t e r  immediately 
a f t e r  t h e  e c l i p s e .  The d i f f e r e n t  apparent  widths  
i n  t h e  two o r d e r s  is due t o  t h e  n o n- l i n e a r i t y  of 
t h e  magne tos t r i c t i ve  e f f e c t .  Th is  e f f e c t  is  allowed 
f o r  i n  ob t a in ing  t h e  t r u e  l i n e  p r o f i l e .  
of n o i s e  is more apparen t  when observing such a narrow 
l i n e  compared t o  t h e  corona l  emission but  a reasonable  
v a l u e  f o r  t h e  i n s t rumen ta l  func t ion  can s t i l l  be 
ob t a ined ,  v i z  := 
The effect 
0 
x 3.2 = 0.13A cu 1 Ah = v  x FSR =z
P a r t  o f  t h e  t r a c e  has been ove rwr i t t en  t o  compensate 
f o r  t h e  poor reproduc t ion  q u a l i t y  of t h e  d a t a  paper. 
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F .  E c l i p s e  F l i g h t  
On t h e  e c l i p s e  f l i g h t ,  G a l i l e o  i n t e r c e p t e d  t h e  umbra 
a t  14 hours ,  16 seconds,  57 seconds,  U.T.,  a t  a p o s i t i o n  
34" 26' South, 49" 51'  West. 
During t o t a l i t y ,  l i n e  p r o f i l e s  of t h e  5303A, Fe X I V  emission 
T o t a l i t y  l a s t e d  for  206 seconds. 
0 
w e r e  recorded.  
t o  measure t h e  A6374A, Fe X emiss ion ,  developed a malfunct ion  
s h o r t l y  b e f o r e  t o t a l i t y  and no t r a c e s  of t h e  h6374A l i n e  w e r e  




observed on t h e  o s c i l l o s c o p e  s c r e e n  and a m p l i f i e r  ga ins  were 
The s i g n a l  from t h e  i n t e r f e r o m e t e r s  was cont inuously  
a d j u s t e d ,  when r e q u i r e d ,  t o  main ta in  t h e  s i g n a l  w i t h i n  p re-  
determined l i m i t s ,  
The designed s p e c t r a l  scanning r a t e  of t h e  i n t e r f e r o -  
meters was one scan  p e r  h a l f  second. It was expected t h a t  t h e  
h igher  n o i s e  p r e s e n t  w i t h  such a f a s t  scan  r a t e  would cause  a 
l o s s  of s i g n a l  a t  some t i m e  b e f o r e  t h e  end of t o t a l i t y  and it 
was arranged i n  t h e  e c l i p s e  d r i l l  t o  change t o  a slow manual 
scan  w i t h  t h e  i n c l u s i o n  o f  e l e c t r o n i c  damping t o  reduce t h e  
n o i s e  when t h e  s i g n a l- t o- n o i s e  r a t i o  on t h e  f a s t  scan  r a t e  
f e l l  t o  about  2 : 1 0  During t h e  e c l i p s e ,  emission l i n e  p r o f i l e s  
w e r e  obta ined o u t  t o  1.5 s o l a r  r a d i i  w i t h  t h e  scan  r a t e  of 2 
scans  p e r  second,  The  manual scanning procedure was then  
in t roduced a t  a r a t e  of about  one scan  p e r  3 o r  4 seconds,  and 
l i n e  p r o f i l e s  were ob ta ined  o u t  t o  1.8 s o l a r  r a d i i  f r o m  t h e  
s u n ' s  c e n t e r  when t h i r d  c o n t a c t  s topped f u r t h e r  obse rva t ions .  
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During the slow scans the look direction in the corona was 
maintained close to Position Angle 90" for the different 
displacements from the sun's center. 
111. RESULTS AND ANALYSIS 
Figure 19 shows an example of the raw data obtained with 
the scanning rate of 2 scans per second. Figure 20 shows an 
example of the raw data obtained at a scanning rate of one scan 
per 3 seconds. 
The observed profiles are effectively the convolution of 
the true profile of the emission, the instrumental function of 
the Fabry-Perot interferometer and the transmission function 
of the narrow-band forefilter. 
To obtain the true emission profile, first, a proper 
curve must be drawn through the rough data curve to eliminate 
the noise contribution. Next, by using the instrumental 
function derived from the Hg A5461A profiles as shown in 
Q 
Figure 18, the true instrumental profile is obtained, The 
Doppler half-width of the A5461A emission line from the uncooled 
Hg source is 0,006A, The instrumental function of the Fabry- 
0 
0 
Perot interferometer was calculated from the measured reflectance 
and spacing of the plates to be 0.13A. Therefore, the observed 
0 
profiles shown in Figure 18 are essentially due to the instru- 
mental function of the interferometer only, The transmission 
function of the narrow band forefilter is now convoluted with 
the known Fabry-Perot instrumental function to provide an 
I l T  R E S E A R C H  I N S T I T U T E  
29 
. .  
t 
Figure 19 Showing raw data obtai+d at a scanning rate of 2 
scans per second. 
about 1.1 solar radii from the sun's center. 
of channels is:- 
a - spare channel; b - A5303 emission; c - A5303 
emission. 
Channels b and c record the output of the A5303 amplifier 
with a ratio of 2:l in amplitude. 
This record pertains to a region 
Identification 
d - corona positional reference channel; e-current 
through interferometers; f and g - A6374 emission 
records. (This interferometer failed t o  operate 
during eclipse.) 
Curves c, d and e have been overwritten to compensate 




Figu re  20 Showing raw d a t a  f o r  a scanning r a t e  of  
about  3 seconds pe r  f r e e  s p e c t r a l  range 
(302A).  The curves  a r e  l abe l ed  a s  i n  
F igu re  1. Curves c , d  and e have been 
ove rwr i t t en  t o  coun te rac t  t h e  poor 
reproduc t ion  q u a l i t y  of t h e  o r i g i n a l  
record .  
0 
The emission shown on curves  b and c 
corresponds  t o  a r eg ion  of t h e  corona 
a t  1-6 s o l a r  r a d i i  from t h e  s u n ' s  c e n t e r  
a t  p o s i t i o n  ang le  90'. The p r o f i l e  of c 
w i l l  a l t e r  when e ,  t h e  scanning c u r r e n t ,  
has been l i n e a r i z e d .  
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effect ive i n s t r u m e n t a l  f u n c t i o n  which i s  a p p l i e d  t o  t h e  
observed p r o f i l e s .  A r igorous  a p p l i c a t i o n  of  t h e  deconvolut ion 
process  invo lves  d i g i t i z i n g  t h e  v a r i o u s  t r ansmiss ion  func t ions  
and observed p r o f i l e s .  However, due t o  t h e  amount of no i se - in -  
s i g n a l  p r e s e n t  i n  t h e  observed p r o f i l e s ,  t h i s  approach would 
n o t  be worthwhile ,  It i s  cons ide red ,  from a p re l iminary  survey 
of t h e  raw d a t a ,  t h a t  a more approximate approach us ing  t h e  
sum of squares" technique ,  a p p l i c a b l e  t o  Gaussian and near-  1 1  
Gaussian p r o f i l e s ,  would provide  tempera ture  informat ion  t o  a n  
accuracy c o n s i s t e n t  w i t h  t h e  n o i s e- i n- s i g n a l  levels obta ined.  
A d e t a i l e d  a n a l y s i s  of " halfwidth e r r o r"  i s  p resen ted  
i n  Appendix B. It i s  shown t h e r e  t h a t  t h e  f r a c t i o n a l  error 
i n  tempera ture  i s  g iven by t h e  fo l lowing express ion  
(Appendix B, Eq. 20):  
0 0 
For t h e  co rona l  experiment g $ 0,13A and b $ l A ,  t h e r e f o r e ,  
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Refe r r ing  t o  F igu re  1 9 , t h e  r a t i o  of t h e  s i g n a l  t o  t h e  n o i s e  
ampli tude is  about  6:1 f o r  t h e  scan  r a t e  of  2 pe r  second. 
F igure  20 shows t h e  p r o f i l e s  ob ta ined  a t  t h e  much slower r a t e  
of  one scan  pe r  3 seconds,  approximately.  E l e c t r o n i c  damping 
improved t h e  s i g n a l - t o- n o i s e  r a t i o  t o  1 6 : l .  S u b s t i t c t i n g  i n  
t h e  l a s t  equation:: 
2 = 6 g ives  N = 30% 
dT - -   16 g ives  = 13% N 
The e s s e n t i a l  f e a t u r e  of t h i s  observa t ion ,  which i s  
a novel  approach t o  corona l  emiss ion spect roscopy,  i s  t o  prove 
t h e  s u p e r i o r i t y  of t h e  p h o t o e l e c t r i c  d e t e c t i o n  method over 
t h a t  of photography. W i t h  longer  i n t e g r a t i o n  t i m e s  t h e  
accuracy can be increased .  
It should be noted t h a t  r e s u l t s  w e r e  obta ined i n  t h i s  
observa t ion  ou t  t o  0 ,8  Ro from t h e  s o l a r  l imb, w h e r e  Re 
r e p r e s e n t s  t h e  s o l a r  r a d i u s ,  The b e s t  previous  r e s u l t s  a t  a 
s i m i l a r  t i m e  i n  t h e  e leven  year  s o l a r  c y c l e  extended t o  0 . 3  Ro. 
T h e s e  w e r e  obta ined i n  1954 by J a r r e t t  and von Kluber. 
t h e r e f o r e  have more than  doubled t h e  e x t e n t  of observa t ions  
of t h i s  k ind and t h e  t echn ique  can undoubtedly be improved i n  
subsequent  observa t ions  from t h e  exper ience  gained i n  t h e  
e c l i p s e  of  1966. 
W e  
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The a n a l y s i s  of t h e  d a t a  obta ined on t h e  A5303A emission 
w i l l  t a k e  s e v e r a l  months. When completed, about  30 tempera tures  
w i l l  be  eva lua ted  a t  v a r i o u s  P o s i t i o n  Angles o u t  t o  1-5 s o l a r  
r a d i i ,  and about  1 5  a d d i t i o n a l  temperatures  o u t  t o  about  1-8 
s o l a r  r a d i i ,  nea r  t o  P o s i t i o n  Angle 90° .  The performance of  
t h i s  work forms p a r t  o f  a p roposa l  submit ted  t o  NASA, Office 
o f  Space Science  and Appl ica t ions  ( I I T R I  Proposal  N o .  67-341A). 
P u b l i c a t i o n  of t h e  f i n a l  r e s u l t s  w i l l  be made i n  l a t e  summer 
of 1967, 
One n a t u r a l  fo l low up of t h e  r e s e a r c h  performed i n  t h i s  
program i s  t h e  r e p e t i t i o n  o f  t h e  o b s e r v a t i o n s  dur ing  o t h e r  
e c l i p s e s .  Much has been learned from t h i s  f i r s t  a t t empt  and 
some improvements i n  t h e  des ign  of t h e  equipment can undoubtedly 
be found., 
scope w i t h  f / 3  o p t i c s  and a 10" a p e r t u r e  would provide  an  
i n c r e a s e  of about  25 t i m e s  i n  t h e  l i g h t  g a t h e r i n g  c a p a b i l i t y  
of t h e  system. 
ferometers would g r e a t l y  reduce t h e  n o i s e  c o n t r i b u t e d  by 
a i r c r a f t  v i b r a t i o n .  
For example, a change t o  a r e f l e c t i n g  type  of tele-  
A s imple  shock mounting system fo r  t h e  i n t e r -  
Another fo l low up t o  t h i s  r e s e a r c h  i s  t h e  a p p l i c a t i o n  
of t h e  Scanning Fabry-Perot i n t e r f e r o m e t e r  t o  an  o u t- o f- e c l i p s e  
o b s e r v a t i o n  of t h e  corona us ing  a coronagraph. 
t i o n  has n o t  t o  d a t e  been a t tempted  a l though t h e  s u p e r i o r  
l u m i n o s i t y- r e s o l u t i o n  product  of  t h e  Fabry-Perot ,  coupled w i t h  
i t s  e x c e l l e n t  off-band r e j e c t i o n ,  i n d i c a t e  t h a t  i t  should 
Such an a p p l i c a-  
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prov ide  emission l i n e  p r o f i l e  d a t a  over  a g r e a t e r  e x t e n t  of 
t h e  corona than  p r e s e n t  d i s p e r s i v e  techniques  can achieve .  
Noxon’ has r e c e n t l y  drawn a t t e n t i o n  t o  t h i s  p o s s i b i l i t y .  This  
fo l low up forms a second p a r t  of t h e  p roposa l  mentioned above. 
The proposed program c o n s i s t s  of  apply ing  t h e  I I T R I  Scanning 
Fabry-Perot  i n t e r f e r o m e t e r ,  a s  used i n  t h e  1966 e c l i p s e ,  t o  
t h e  coronagraph s i t u a t e d  a t  t h e  High A l t i t u d e  Observatory a t  
Climax, Colorado, i n  t h e  summer of t h i s  y e a r .  Only s l i g h t  
m o d i f i c a t i o n  of t h e  equipment i n  i t s  e c l i p s e  form i s  r e q u i r e d  
i n  o r d e r  t o  adapt  i t  t o  t h e  16 inch  Climax coronagraph. 
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A NEW DESIGN OF A SCANNING FABRY-PEROI' PWFERFERGMELER 
A NEW DESIGN OF A SCANNING FABRY-PEROT INTERFEROMETER* 
(Short Title: "NEW DESIGN OF SCANNING FABRY-PEROT") 
P, N. Slater, H. T. Betz & G. Henderson. 
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ABSTRACT : 
A magnetostrictively scanning Fabry- Perot interferometer is 
described which has been designed and constructed to be rugged, 
compact and to require a maximum operating power of 7 watts. 
Performance tests have shown that it maintains a finesse of 
about 30 after having been subjected to shock and vibration con- 
ditions similar to those encountered during a rocket launch. 
The instrument is thus capable of making high resolution 
measurements from aircraft, balloons, rockets, or space satellites. 
A satellite experiment to investigate the day airglow and an 
aircraft or balloon experiment to detect the presence of deu- 
terium on the sun are discussed. 
* 
Presented at the International Commission for Optics ; 
Conference on Photographic and Spectroscopic Optics 
Tokyo and Kyoto , Japan 
September 1 - 8 ,  1964 
INTRODUCTION 
Seve ra l  d i f f e r e n t  methods f o r  changing t h e  o r d e r  of inter-  
fe rence  of  a Fabry-Perot  e t a l o n  or  i n t e r f e r o m e t e r  and thereby  
c a r r y i n g  o u t  a wavelength scan have been desc r ibed  r e c s n t l y  i n  
t h e  l i t e r a t u r e .  By f a r  t h e  most commonly desc r ibed  method makes 
use of a change i n  d e n s i t y  of t h e  gas  between t h e  e t a l o n  p l a t e s  
t o  change t h e  o p t i c a l  s e p a r a t i o n  of t h e  p l a t e s .  
r e f e r ences  t o  t h i s  method can be found i n  t h e  publ ished proceed- 
ings( ' )  of t h e  "Colloque I n t e r n a t i o n a l  s u r  les Progras &cen ts  
en Spec t roscopie  I n t e r f e r e n t i e l l e "  . 
have been descr ibed  by Chabbal and Sou le t (* )  , who used a f l e x-  
i b l e  membrane on which w a s  suspended one of t h e  i n t e r f e r o m e t e r  
p l a t e s ,  and by Gobert (3)  who used a small elect romagnet  t o  d r i v e  
one p l a t e  a g a i n s t  a s p r i n g  suspens ion .  
A number of 
Mechanical scanning methods 
Roig ( 4 )  changed t h e  
s e p a r a t i o n  of t h e  i n t e r f e r o m e t e r  p l a t e s  by thermal ly  expanding 
a bronze c y l i n d e r  s e p a r a t i n g  t h e  p la tes .  
moving c o i l  v i b r a t o r  t o  d i s p l a c e  one p l a t e  r e l a t i v e  t o  t h e  o t h e r .  
Terhune and P e t e r s  ( 6 )  have desc r ibed  a magne t ica l ly  d r i v e n  i n s t r u -  
ment f o r  use  i n  t h e  i n f r a r e d .  
shown t h a t  a p i e z o e l e c t r i c  space r  can  be used between t h e  i n t e r -  
Bradley ( 5 )  used a 
Dupeyrat (7) and Ramsay (8) have 
ferometer  p l a t e s  and t h a t ,  by app ly ing  a s u i t a b l e  v o l t a g e ,  t h e  
s e p a r a t i o n  can be a l t e r e d  t o  e f f e c t  a change i n  t h e  o r d e r  o f  
i n t e r f e r e n c e .  
t a i n i n g  i n t e r f e r o m e t e r  p l a t e  p a r a l l e l i s m  by means of a s e r v o  
system which' c o n t r o l s  t h e  l eng th  of t h e  p i e z o e l e c t r i c  space r  
Ramsay (8) has a lso  desc r ibed  a method f o r  main- 
I l T  R E S E A R C H  I N S T I T U T E  
3 
A 2  
elements. 
magnetostrictive servo control for maintaining a one meter long 
Bennett and Kindlmann(') have proposed the use of a 
gaseous laser in tune. 
The magnetostrictive servo system proposed by Bennett and 
Kindlmann'') suggested to the present authors the possibility of 
using a magnetostrictive scanning mechanism for a Fabry-Perot 
interferometer, As such an instrument is photoelectrically 
recording it can be used for a number of applications in which 
the photographically recording etalon would be unsuitable. 
addition, the scanning interferometer retains the advantages of 
the etalon over other spectroscopic instruments in its high 
luminosity and resolving power and its compact size I 
In 
INTERFEROMETER DESIGN, CONSTRUCTION, AND PERFORMANCE 
In Figure 1 is shown the magnetostrictively scanning inter-. 
ferometer developed at ILT Research Institute ~ For convenience 
we will refer to the instrument as PRISM (*Photoelectrically 
Recording Interferometer Scanned Magnetostrictively). 
plates of the interferometer are mounted inside a rugged, partially 
temperature compensated unit constructed of free cut Invar 3 6 .  
The temperature compensation is achieved by use of a reentrant 
design in which only a 6 mm length of 'Invar is left uncompensated. 
The total 1engt.h of the instrument is 12,,5 cm and it is about 
11 cm square in cross section, The separation of the quartz 
plates is 2.5 mm. The quartz reflecting plates are directly 
cemented to their Invar support plates with.an epcxy resin com- 
The quartz 
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pound thus  e l i m i n a t i n g  t h e  need f o r  spr ' ing loaded p re s su re  
f i n g e r s .  This  method of pla te  a t tachment  g ives  t h e  ins t rument  
a h igh degree  of r e s i s t a n c e  t o  misal ignment produced by shock 
and v i b r a t i o n .  P a r a l l e l i s m  adjus tment  is achieved by c a r e f u l  
lapping of  t h e  space r  b a r s .  followed by t h e  use  of t ens ion  b o l t s  
through t h e  c e n t e r  o f  t h e  i n n e r  suppor t  b a r s .  Each of t h e  four  
o u t e r  suppor t  b a r s  shown in Figu re  2 c o n s i s t s -o f : :  (1) an 'Invar 
rod 3 /8"  i n  d i a m e t e r ,  (2) 300 t u r n s  of N o ,  20 gauge w i r e  wound 
on an i n s u l a t i n g  former which f i t s  loosely over t h e  Tnvar r o d ,  
(3)  an Invar  t u b e ,  whose annu la r  a r e a  is t h e  same a s  t h e  c r o s s  
s e c t i o n a l  area of t h e  Lnvar r o d ,  i n  p u s h- f i t  c o n t a c t  w i t h  t h e  
end f l anges  of t h e  i n n e r  rod t o  provide  a c lo sed  p a t h  f o r  t h e  
magnetic f l u x .  The four  suppor t  bar  windings a r e  connected i n  
series 
P a r e n t h e t i c a l l y ,  t h e  f i r s t  model of PRISM t h a t  was con- 
s t r u c t e d  c o n s i s t e d  of four  s o l i d  d r i v e r  rods  w i t h  e x t e r n a l  wind- 
ings .  The end p l a t e s  i n  t h i s  c a s e  closed t h e  magnetic f i e l d -  
The suppor t  s y s t e m  shown i n  F igu re  2 w a s  c o n s t r u c t e d  t o  t es t  
t h e  c l o s e d  pa th  magnetic flux d e s i g n ,  t he  u l t i m a t e  a i m  being 
t o  c o n s t r u c t  a t h r e e  suppor t  o r  a s i n g l e  t u b u l a r  suppor t  system 
which would be l i g h t e r  i n  weight , .  
The rugged c o n s t r u c t i o n  of PRISM makes it s u i t a b l e  f o r  
i n s t a l l a t i o n  i n  space  s a t e l l i t e s  where it must remain i n  a d j u s t -  
ment beyond t h e  launch phase,  Tests c a r r i e d  ou t  on t h e  i n s t r u -  
ment have shown t h a t  i t  remains i n  adjus tment  a f t e r  being sub- 
j e c t e d  t o  t h e  load ings  l is ted i n  Table  1. A second f e a t u r e  of 
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the instrument, which should be mentioned in connection with i t s  
use as a satellite borne instrument, is the low value of the 
magnetic field in the vicinity of the instrument, 
from the instrument along the optical axis the field strength 
is 0.1 gamma and at one meter perpendicular t o  the optical axis 
the field strength is 3.0 gamma, 
reduce these values by the use of magnetic shielding. 
A t  one meter 
No attempt has been made to 
The finesse of the interferometer depends on the reflectance 
and flatness of the quartz plates. The plates used in this work 
have an approximate reflectance of 96%, transmittance of 3,5%, 
and absorptance of 0.5%, and are flat over an area of 18 sq.  cm. 
to h/100 at A6300A. These values give an effective instrumental 
width at half height of 0.02A for a finesse of 40.. 
shows a trace obtained from a cadmium source at a wavelength of 
Figure 3 
64388.  The measured half width of the line is 0,025A €or a 
finesse of 30 which is in reasonable agreement with the calcu- 
lated value. 
The interferometer has been installed in a magnesium alloy 
case which includes simple optics designed to minimize stray 
light and to focus the ring pattern onto an aperture of angular 
diameter appropriate t o  the resolving power of the interfero- 
meter (lo). 
and occupies a volume of about 1 cu. ft. The maximum power 
consumption is about 7 watts. The detector, mounted on the t op  
The unit, shown in Figure 4 ,  weighs about 2 5  pounds 
of the case, is a 14 stage ruggedized 541E model Em photo- 
multiplier with an S20 response, With an applied voltage of 
-llf R E S E A R C H  l N S T l f U f E  
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FIG, A3 SCAN O F  CADMIUM RED L I N E  
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FIG. A4 BALLOON BORNE INTERFEROMETER-SPECTROMETER 
2.4 Kv and a g a i n  of lo6,  t h e  measured dark  current and t h e  dark  
c u r r e n t  n o i s e  are 5 x loo1* amps and 6 x loo1* amps, r e s p e c t i v e l y  
w i t h  t h e  t ube  cooled t o  -25OC. 
APPLICATIONS OF THE INTERFEROMETER 
Two exper iments ,  which make use  of t h e  rugged c o n s t r u c t i o n  
of PRISM, w i l l  be b r i e f l y  desc r ibed  here .  The f i r s t  of t h e s e  
i s  an experiment designed t o  measure day a i rg low.  W e  wish t o  
determine t h e  geograph ica l ,  temporal  and s e a s o n a l  v a r i a t i o n s  of 
t h e  a b s o l u t e  i n t e n s i t y ,  and v e r t i c a l  d i s t r i b u t i o n  of t h e  A6300A 
day a i rg low which i s  due t o  atomic oxygen, and t h e  mean k i n e t i c  
temperature  of oxygen i n  t h e  e m i t t i n g  r eg ion .  Using a r e so lu-  
t i o n  of about  0.02A, we expect  t o  be  a b l e  t o  o b t a i n  a measure 
f o r  t h e  Doppler broadened h a l f  width  of t h e  emission l i n e .  
Used i n  an  e a r t h  s a t e l l i t e  of s u i t a b l e  e c c e n t r i c  o r b i t ,  e .g .  
an O r b i t i n g  Geophysical  Observatory ,  t h e  ins t rument  w i l l  be 
a b l e  t o  measure t h e  v a r i a t i o n  of t h e  emiss ion i n t e n s i t y  w i t h  
a l t i t u d e .  Also,  t h e  e a r t h ' s  r o t a t i o n  around t h e  sun du r ing  
t h e  year  w i l l  provide  a measure of t h e  s e a s o n a l  v a r i a t i o n  of 
t h e  emission.  
The second experiment i s  a n  a t t empt  t o  d e t e c t  a deuterium 
c o n t r i b u t i o n  i n  t h e  Ha Fraunhofer  l i n e  of t h e  solar  spectrum. 
Various a t t e m p t s  have been made on t h i s  problem du r ing  t h e  l as t  
12 years  o r  so, no tab ly  by Claas (11), de  J a g e r  (12), Kinman (13) 
and Severny ( I 4 ) .  These workers used ground based obse rva t ions  
and consequent ly  were hampered by t h e  presence of t e l l u r i c  water 
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vapor l i n e s  i n  t h e  r eg ion  of i n t e r e s t  o f  t h e  solar spectrum. 
u s ing  t h e  scanning Fabry-Perot  i n t e r f e r o m e t e r  i n s t a l l e d  ia  a high 
f l y i n g  a i r c r a f t  or ba l loon ,  w e  hope t o  overcome t h i s  d i f f i c u l t y  
By 
because t h e  t o t a l  p r e c i p i t a b l e  water vapor a long  t h e  l i n e  of 
s i g h t  is down by 2.5 o r d e r s  of magnitude a t  an a l t i t u d e  of 15 Km. 
Up t o  d a t e  a lower l i m i t  on t h e  D/H r a t i o  has been set by 
Kinman (13) a t  4 x employing photographic d e t e c t i o n .  How- 
e v e r ,  t h e  l a tes t  t h e o r e t i c a l  estimate of t h e  D/H r a t i o  i n  t h e  
photosphere i s  1 x 10- . (I5) With a s i g n a l  to n o i s e  ra t io  of  
2 : l  the minimum d e t e c t a b l e  s i g n a l  v a r i a t i o n  for t h e  ins t rument  is 
0.02% of t h a t  due t o  t h e  continuum i n  t h e  Ha reg ion .  
corresponds to a d e t e c t a b i l i t y  l i m i t  for deuterium of 0.04 mA 
equ iva l en t  wid th  corresponding t o  a d e t e c t a b i l i t y  l i m i t  f o r  t h e  




A m a g n e t o s t r i c t i v e l y  scanning Fabry-Perot  i n t e r f e r o m e t e r  
has been designed and c o n s t r u c t e d  t o  be rugged, compact and to 
r e q u i r e  a maximum power i npu t  of 7 w a t t s .  Performance tests 
have shown t h a t  i t  main ta ins  a f i n e s s e  of about  30 a f t e r  having 
undergone shock and v i b r a t i o n  c o n d i t i o n s  s i m i l a r  t o  those  
encountered du r ing  a rocke t  launch.  
The ins t rument  is t hus  capab le  of making high r e s o l u t i o n  
measurements from a i r c r a f t ,  ba l loons ,  r o c k t e s  o r  space  satel l i tes .  
It t h e r e f o r e  makes p o s s i b l e  t h e  more d e t a i l e d  i n v e s t i g a t i o n  o f  
L I T  R E S E A R C H  l N b T l T U t l f  
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many interesting upper atmosphere and astronomical phenomena 
which, for various reasons, cannot be eat i s factor i ly  lnvesti-  
gated from earth. 
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APPENDIX B 
HALFWIDTH ERROR ANALYSIS 
I n  t h e  de te rmina t ion  of temperatures  from Doppler- 
broadened l i n e  shapes ,  i t  is  necessa ry  t o  f irst  remove t h e  
i n f luence  of t h e  i n s t rumen ta l  func t ion .  Rigorously ,  t h i s  
is  a r a t h e r  involved procedure u s ing  d i g i t a l  computation 
methods. I n  many c a s e s ,  a much s impler  approximate method 
us ing  on ly  t h e  ha l fwid ths  of t h e  va r ious  func t ions  i s  q u i t e  
s a t i s f a c t o r y ,  p a r t i c u l a r l y  when t h e  s i g n a l - t o- n o i s e  r a t i o  
o f  t h e  measurement is  low. For t h i s  reason i t  i s  of i n t e r e s t  
I 
t o  examine t h e  accuracy of  t h e  temperature de te rmina t ion  
when such a ha l fwid th  method is employed. W e  s t a r t  w i t h  t h e  
bas i c  r e l a t i o n  
(1) F(A) = B(A) 9; G(A) 
G(A) i s  t h e  ins t rument  func t ion  and * denotes  convolut ion 
+al 
F(A)  =I B ( A f )  G(A-A') d h '  
The ha l fwid ths  of t h e s e  func t ions  w i l l  be denoted by f ,  b, g. 
I f  B and G a r e  Gaussian p r o f i l e s  t h e n ,  
f 2 = b  2 + g  2 (3) 
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Since  B ( h )  r e p r e s e n t s  a Doppler broadened emission l i n e  , 
it  w i l l  be Gaussian.  
needs t o  be examined. 
a p e r f e c t  Fabry-Perot e t a l o n ) ,  E is  t h e  func t ion  d e s c r i b i n g  t h e  
e t a l o n ’ s  depa r tu re  from a p e r f e c t  e t a l o n  and D is t h e  a p e r t u r e  
f u n c t i o n ,  t hen  
On t h e  o t h e r  hand, t h e  ins t rument  func t ion  
I f  A is  t h e  Airy  func t ion  ( r e p r e s e n t i n g  
G = A * E * D  ( 4 )  
Empir ica l ly ,  w e  can  determine t h e  form of  G by scanning a v e r y  
narrow emission l i n e .  With  good Fabry-Perot p l a t e s  t h i s  
i n v a r i a b l y  g ives  G as a near-Gaussian func t ion .  
W e  a r e  i n t e r e s t e d  i n  t h e  probable  e r r o r  of t h e  c a l c u l a t e d  
temperature ,  T ,  as a func t ion  of record ing  accuracy,  s i g n a l - t o -  
n o i s e  r a t i o ,  e t c .  From f = b + g we have 2 2 2 
2 2 1 / 2  b = ( f  - g )  ( 5 )  
The probable  e r r o r  i n  b i s  
o r  
where d f  and dg a r e  t h e  probable  e r r o r s  i n  f and g ,  r e s p e c t i v k l y .  
The f r a c t i o n a l  probable  e r r o r  i n  b is  then  
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The ha l fwid th  of  a Doppler broadened l i n e  i s  given by 
. b = C  A o ( g )  112 




S u b s t i t u t i n g  (1) i n  (8) g ives  
1 
2 
The ha l fwid th  g can be determined through t h e  use of a 
w e l l  known r e f e r ence  l i n e .  Assuming t h e  Fabry-Perot  f i n e s s e  
t o  be t h e  same f o r  both  source  and r e f e r e n c e  l i n e  w e  have 
( f ' ) 2  = g 2 + s 2 
where f '  i s  t h e  ha l fwid th  of  t h e  recorded p r o f i l e  and s i s  t h e  
ha l fwid th  of t h e  r e f e r ence  l i n e .  
I I T  R E S E A R C H  I N S T I T U T E  
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and 
4 2 112 dT 2M f 2 2 +(%) (%), ] --(14). 
i . e . ,  - - T - 7 - 7 T  
ho 
d f '  is  i n  terms df The m o s t  convenient  d e s c r i p t i o n  of  '4 and 
of t h e  recorded ampl i tudes  I and I*, t h a t  is  , i n  terms of d I  ~ c p  
d I '  and -p=- For Gaussian func t ions  
and 
In t e r n e  of  t he  record ing  accuracy and t h e  s igna l - t o -no i se  
r a t i o  w e  have 
I l l  R E S E A R C H  I N S t l f U f E  
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($) = (9 
where - S = s igna l- to- no i se  f o r  t h e  source  l i n e ,  dx i s  t h e  
f r a c t i o n a l  probable  e r r o r  i n  record ing .  
N 
Then 
@..2+; H2+@ 4+&)2+@4 ($21 
. '  
A s  long a s  s i s  s m a l l  compared t o  f ,  t h e  s i g n a l - t o- n o i s e  
r a t i o  w i l l  be t h e  l i m i t i n g  q u a n t i t y  on t h e  temperature 
accuracy.  A t  low S/N we have 
I i T  R E S E A R C H  I W S T I T W T E  
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